INTRODUCTION
Intestinal epithelial cells are characterized by their columnar cell shape (1) and their apico-basal polarity that allows them to differentiate the plasma membrane into distinct apical and a basolateral domains essential for their function (2) . For example, the apical membrane is involved in nutriment absorption and is characterized by the differentiation of the brush border, which is made up of microvilli increasing the contact surface area tremendously (1), facilitating nutrient uptake and enhancing the efficacy and the expression of digestive enzymes specific to the brush border, such as dipeptidyl peptidase IV (DPPIV) or sucrase -isomaltase (SI). The border between the apical and the basolateral domains is based on tight junctions that ensure the integrity of the epithelial tissue and the establishment of a selective barrier between the external and internal environment (3) . In addition to tight junctions, the apico-basal polarity is also reflected by the polarized organization of the cytoskeleton and a tightly regulated network of intracellular trafficking.
The apical cytoskeleton is made of actin filaments extended from the microvilli to the dense F-actin meshwork of the subapical terminal web where they are rooted (4) . The terminal web is also able to link with the tight junctions. Actin-binding proteins enriched in this domain are thus potent regulators of this specialized subapical organization. This complex cytoskeleton network is important for polarized intracellular trafficking (5) , and in particular, the subapical terminal web regulates the spatial organization of apical exocytosis and endocytosis/recycling (6) . Polarized trafficking must therefore require regulatory mechanisms that involve both the cytoskeleton and motor proteins (7) . For example, mutations in the MYO VB gene are the main cause of a rare disease in newborns called the microvillar inclusion disease (MVID; OMIM 251850), leading to intestinal malabsorption (8) . In particular, defects in MyoVb expression in human intestinal cells in vitro and in vivo are associated with a disruption of the apical membrane microvilli organization and the accumulation of apical proteins in intracellular compartments without affecting cell polarity (9, 10) . While MYO VB is the only mutated gene identified so far in MVID patients, some patients do not show any defects in this gene. Several other proteins, however, have been shown to either interact with MyoVb or induce a very similar phenotype when compromised. Among them are Rab8a, Rab11 (11, 12) and Cdc42 (13) . Rab8a conditional knock-out (cKO) mice, for example, show an enrichment of apical membrane proteins in a lysosomal compartment concomitant with a decrease in their total expression level. In addition, microvillus inclusions are present in the apical cytoplasm of 10% of enterocytes (14) , reminiscent of a MVID phenotype. Rab8a acts as a linker between the transport vesicle and the motor protein MyoVb (11) , and both proteins cooperate in the apical recycling pathway.
Actin-binding proteins such as MyoVb that are enriched at the terminal web are thus potent regulators of the specialized subapical organization. Among them, Drebrin A and E isoforms are actin-binding proteins mainly described for their functions in neuronal morphogenesis (15) . Drebrin proteins are involved in the regulation of neurite outgrowth, axonal differentiation and dendritic spines morphogenesis (16) (17) (18) . Drebrin E is also expressed in stomach and kidney (19) , but its function is still unknown in these organs.
Previously, we have shown that the Drebrin E isoform is also expressed in enterocytes and Caco2 cells and is enriched at the terminal web, while accumulating locally along the lateral membrane (20) . In that study, we have uncovered a new function of Drebrin E in epithelial cell morphogenesis that is essential for epithelial cell compaction and elongation (20) . As Drebrin E depletion disrupted the organization of apical microvilli and subapical F-actin terminal web (20) , we investigated its role in apical protein transport and localization in Caco2 cells, a well-established in vitro model for enterocytes and studies of MVID (9) . We showed that in Caco2 cells that were transiently depleted for Drebrin E, apical membrane protein expression is specifically decreased owing to a defect in their biosynthesis. Moreover, apical membrane proteins still present in Drebrin E knock-down (KD) cells accumulate in a compartment positive for both multi-vesicular body (CD63) and lysosomal (LAMP1, Cathepsin D) markers after their endocytosis from the apical membrane. This accumulation of apical membrane proteins in a compartment designated for degradation was also found in Rab8a KD Caco2 cells and is reminiscent of the Rab8a cKO phenotype. In addition, we observed a strong cytoplasmic redistribution of Drebrin E upon Rab8a KD in Caco2 cells and Rab8a KO in mouse. Taken together, these results demonstrate that both Rab8a and Drebrin E act as key proteins in the regulation of apical trafficking probably by affecting apical recycling.
RESULTS

Drebrin E depletion causes accumulation of apical membrane proteins in an intracellular compartment
We had previously shown that the transient depletion of Drebrin E in Caco2 cells leads to the disorganization of the subapical acto-myosin cytoskeleton without affecting apico-basal polarity (20) . This subapical cytoskeleton is required for brush border maintenance and apical constriction during cell elongation. To characterize how Drebrin E depletion results in apical membrane disorganization, we asked whether the localization of apical markers, that are known to be associated with the intestinal brush border, is affected when Drebrin E is compromised. To this aim, we immunolabeled control (CT) and Drebrin knockdown (KD) Caco2 cells for several apical markers such as SI, DPPIV, intestinal alkaline phosphatase (IAP) and carcinoembryonic antigen (CEA). These markers showed a strong apical staining in CT cells whereas in Drebrin KD cells, they accumulated in large intracellular compartments ( Fig. 1A and B, and data not shown). Moreover, this intracellular accumulation of apical markers in Drebrin KD cells correlated with a decrease in their apical staining when compared with Caco2 CT cells ( Fig. 1A and B) . However, we did not observe a significant change in the localization of several basolateral markers (E-cadherin, Ag525, Scribble and Transferrin receptor) [(20) and data not shown]. Finally, as we had previously shown, the actin cytoskeleton was strongly disorganized in Drebrin E KD cells with a decrease in the subapical staining (20) . Nevertheless, no overlap was observed between the intracellular compartment positive for the apical markers and actin in Drebrin E KD cells (Fig. 1B) .
To examine the ultrastructural morphology of the intracellular storage compartment induced by Drebrin E depletion, we performed transmission electron microscopy (TEM) on Caco2 cells. Consistent with our previous study (20) , the apical domain was disorganized in Drebrin E KD cells producing only a few microvilli whereas elongation and compaction were defective ( Fig. 1C and data not shown) . In addition to these defects in morphogenesis, we observed large intracellular dense compartments mainly localized between the nucleus and the apical plasma membrane in Drebrin E KD cells (Fig. 1C) . These large, dense intracellular compartments were of heterogeneous content with either amorphous material or membrane accumulations and were never observed in CT cells, indicating that they were specific to Drebrin E KD Caco2 cells (Fig. 1C) .
We previously showed that the disorganization of the subapical cytoskeleton occurred between Day 3 (D3) and 5 (D5) after transfection in Drebrin E KD cells (20) . To investigate when apical markers were first enriched in these large, dense intracellular organelles, we performed DPPIV immunolabeling at D2, D3, D4 and D5 on CT and Drebrin E KD cells. We found that intracellular organelles positive for DPPIV were already detected at D2, indicating that their formation was likely the consequence of an early defect in Drebrin E KD Caco2 cells (Supplementary Material, Fig. S1A and B for D3 -D5, not shown for D2). When we checked for the presence of F-actin or phosphomyosin II, these two proteins were never accumulated in these structures (not shown), demonstrating that no brush border was present, as we could already observed by EM. Together, these results demonstrate that Drebrin E depletion results in an early Human Molecular Genetics, 2014, Vol. 23, No. 11 2835 intracellular accumulation of apical membrane proteins in a large and heterogeneous compartment.
Apical membrane proteins accumulate in a large degradation compartment in Drebrin E-depleted Caco2 cells
To determine the identity of this large, dense intracellular compartment that results from Drebrin E depletion, we used markers for various intracellular compartments involved in the exocytic and endocytic pathways. We found a strong co-localization in this large intracellular compartment between the apical marker DPPIV, and LAMP1, a marker of the late endosomes/lysosomes, and CD63, a marker of multi-vesicular bodies, or Cathepsin D, a marker of lysosomes ( Fig. 2B and C) by confocal and electron microscopy (Supplementary Material, Fig. S2A ). Neither LAMP1 nor CD63 or Cathepsin D co-localized with DPPIV in CT cells, indicating that the co-localization was a direct consequence of Drebrin E depletion ( Fig. 2B and C) . To demonstrate that this enrichment in the degradation pathway after Drebrin E depletion was a general feature for apical membrane proteins, we used several apical markers (SI, DPPIV, CEA and IAP) and found that they all co-localized in these degradation organelles in Drebrin E KD cells ( Fig. 2A for DPPIV and SI, and not shown for CEA and IAP). In addition, we did not detect any co-localization between apical membrane proteins and markers of trans-Golgi network (TGN46), early endosomes (EEA-1) or recycling endosomes (Rab11a), in either CT or Drebrin KD cells (Supplementary Material, Fig. S2B ). These Human Molecular Genetics, 2014, Vol. 23, No. 11 2837 data suggest that apical proteins are re-routed to the degradation pathway upon Drebrin E depletion. To confirm our observations that the occurrence of this large intracellular compartment is linked to Drebrin E depletion, we quantified the number of these compartments containing both LAMP1 and an apical marker (DPPIV, SI or IAP) both in CT and Drebrin E KD cells. We found that the percentage of cells containing intracellular compartments positive for both an apical membrane protein and LAMP1 went from 1% for CT cells to up to 17% for Drebrin E KD cells (not shown, see Material and methods). Rescue experiments with mouse Drebrin E caused a strong disorganization of the F-actin cytoskeleton leading to aberrant cell shape and to rapid cell death (20) . We thus could not use this transient overexpression of mouse Drebrin E to rescue the accumulation of apical membrane proteins in the KD cells. Altogether, these data demonstrate an enrichment of apical membrane proteins in a degradation compartment upon Drebrin E depletion.
Apical membrane proteins accumulate in enlarged lysosomes after endocytosis
Our hypothesis to explain the accumulation of apical proteins in the degradation pathway after Drebrin E depletion was that it reflected a perturbation of an apical route. This could also explain the decrease of apical labeling for apical membrane proteins (Fig. 1B) . We thus tested whether Drebrin E depletion affected apical membrane protein levels by measuring the total amount of DPPIV and SI proteins in CT and Drebrin E KD cells at D5 after transfection. We found that the levels of DPPIV and SI were indeed reduced, to 35 and to 20%, respectively, in Drebrin E KD compared with CT cells (Fig. 3A and B). Conversely, Ag525, a basolateral marker, was not significantly affected in the same conditions ( Fig. 3A and B) . We then questioned whether the observed drop in steady state levels of apical proteins originate from a decrease in apical proteins biosynthesis or an increase in apical protein degradation, or both. To test whether biosynthesis is affected, we measured the total amount of apical protein synthesized after a radioactive pulse followed by an immunoprecipitation of the apical proteins. After the radioactive pulse, we observed a strong decrease in biosynthesis of total amount of both SI and DPPIV in Drebrin E KD cells, whereas Ag525 was less affected (Fig. 3D ). These data suggest that the reduction of apical protein staining and their expression levels in Drebrin E KD cells could be explained mainly by a strong decrease in their biosynthesis. Then, we asked whether this decrease in biosynthesis could correlate with the decrease in DDPIV or SI mRNA production that was measured by quantitative RT-PCR in CT or Drebrin E KD Caco2 cells (Fig. 3C) . Surprisingly, SI mRNA levels were strongly affected by Drebrin E depletion but not DPPIV or E-cadherin mRNA levels, indicating that each mRNA or protein has a specific regulation.
Because apical proteins appear to undergo inappropriate trafficking in Drebrin E KD cells, we asked whether this mistargeting occurred after their biosynthesis or during their apical recycling. To examine the first hypothesis, we used a combination of radioactive pulse-chase and cell surface biotinylation (21) . We quantified the respective amounts of SI and DPPIV transported to the apical membrane (by a direct or an indirect pathway, respectively) and Ag525 to the basolateral membrane after biosynthesis [see Material and methods and (22)]. No differences were observed between CT and Drebrin E KD cells for the delivery of each of these proteins after 10 h of chase, suggesting that the post-Golgi targeting of apical and basolateral proteins was not affected by Drebrin E depletion (Fig. 3D) .
Because apical protein mistargeting does not occur during their biosynthetic transport to their target membrane, we assumed that the apical protein accumulation in large lysosomes could originate from apical endocytosis in the Drebrin E KD cells. To investigate this issue, we developed an endocytic assay for DPPIV in Caco2 cells. Living CT or Drebrin E KD cells were incubated at 48C with antibodies against DPPIV from the apical surface. Then, after cold washes, cells were either warmed for 30 min at 258C to prevent, or at 378C, to allow for endocytosis. Subsequently, cells were fixed and permeabilized and then labeled with secondary antibodies to reveal the internalized pool of DPPIV (Fig. 4A) . At nonpermissive temperature (258C), no accumulation of DPPIVspecific antibodies in LAMP1-positive organelles in both CT and KD cells was detected (Fig. 4A) . When cells were allowed to internalize the antibodies at 378C, we found an enrichment of DPPIV antibodies in enlarged lysosomal structures exclusively in Drebrin E KD cells (Fig. 4A ). These data were confirmed in an experiment in which living CT or Drebrin E KD cells were incubated overnight at 378C with antibodies against DPPIV present in the apical medium and then processed as described earlier. Again, we found the accumulation of DPPIV signal in LAMP1 structures (not shown). In addition, these intracellular organelles were different from the apical invaginations we could also detect deep into the monolayer both in CT and Drebrin E KD cells (see Fig. 5A , arrows in CT cells and Supplementary Material, Fig. S2C for a cartoon) . We thus demonstrated that the pool of apical proteins present in these enlarged lysosomes originated from apical endocytosis. There was, however, no significant change in apical endocytosis as measured by the amount of a rhodamine-labeled dextran that was taken-up from the apical side either in CT or Drebin E KD Caco2 cells (Fig. 4C) . In addition, some of this apically endocytosed fluorescent dextran was accumulated in the large lysosomal structures in Drebrin E KD cells, confirming that these compartments are accessible from the apical domain (Fig. 4B) . Altogether, these results suggest that in Drebrin E KD cells, two mechanisms concur to reduce the level of apical proteins. The first one is the decrease of their biosynthesis and the second is based on their accumulation in a lysosomal compartment after apical endocytosis.
Rab8a depletion mimics Drebrin E depletion with the enrichment of apical proteins in enlarged lysosomes
All these data suggested that there might be a defect in the apical recycling pathway in Drebrin E KD cells. Several proteins are involved in the recycling pathway, and among them, Rab8a plays an important role in apical membrane formation (12) . Furthermore, it has been previously shown in a Rab8a cKO mouse that apical membrane proteins are accumulated in enlarged lysosomes in enterocytes. The Rab8a cKO mice enterocytes also showed shorter microvilli (14) , a phenotype reminiscent of the one we observed upon Drebrin E depletion (20) . To further demonstrate a possible functional interaction between Rab8a and Drebrin E in apical recycling, we transiently depleted Rab8a from Caco2 cells for 5 days (as for Drebrin E KD), which resulted in the formation of an enlarged compartment positive for both
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DPPIV and LAMP1 (Fig. 5A ), similar to that observed in Drebrin E KD cells (Fig. 2B and C) . As for Drebrin E KD cells, no accumulation of F-actin was detected in these large intracellular vesicles upon Rab8a depletion, whereas rare microvillar inclusions were described in vivo in the Rab8a cKO mouse (14) . The brush border was highly affected with sparse and shorter microvilli very similar to the Drebrin E KD cell phenotype (Fig. 5B) . To ensure that the formation of an enlarged degradation compartment was not an in vitro artifact, we compared this phenotype with the one observed on intestinal sections from Rab8a cKO mouse. As expected, in Rab8a cKO mouse enterocytes, IAP was enriched in a subapical enlarged compartment positive for LAMP2, a marker of the degradation pathway (Fig. 6) . No actin or Villin was detected in these subapical structures, confirming that they are related to the degradation compartments and not to microvillar inclusions. No such intracellular accumulation of apical membrane proteins was observed in wild-type (CT) littermates (Fig. 6 ). These results strongly suggest that the compromise of Rab8a either in cells or in mice results in phenotypes that are highly reminiscent of Drebrin E depletion, namely with the inappropriate accumulation of apical proteins in large lysosomes.
To further understand a possible functional interaction between Drebrin E and Rab8a in intestinal cells, we stably overexpressed GFP::Rab8a in Caco2 cells and then performed a transient depletion of Drebrin E as described earlier. Drebrin E KD induced the formation of large apically enriched lysosomes both in GFP::Rab8a-positive (regardless of the level of GFP::Rab8a overexpression) and GFP::Rab8a-negative cells, indicating that overexpression of Rab8a protein cannot compensate for the loss of Drebrin E in Caco2 cells ( Supplementary  Material, Fig. S3 ).
As Rab8a and Drebrin E depletion phenotypes in Caco2 cells were very similar, we examined the expression and localization of Drebrin E in the Rab8a cKO mouse model and in the Rab8a KD Caco2 cells. In Rab8a cKO mouse intestine, there was a decrease of subapical Drebrin E staining when compared with its CT counterpart (Fig. 6, upper panel) . This change in 
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Drebrin E labeling could be due either to dispersion into the enterocytes cytoplasm or to a decrease in Drebrin E levels. To test these hypotheses, we quantified the level of Drebrin E expression by immunoblot in Caco2 cells depleted for Rab8a compared with CT cells (Fig. 5C) . A slight but significant decrease in Drebrin E expression level was observed (18% less when compared with CTs) and the reverse was also true (22% less when compared with CTs), indicating that the levels of each of the two proteins might be, at least in part, regulated by the other. More interestingly, using confocal microscopy, we found a change in apical Drebrin E distribution upon Rab8a depletion with a decrease in subapical staining (Fig. 5A ), indicating that Rab8a might regulate Drebrin E localization and/or organization in intestinal cells either directly or indirectly.
DISCUSSION
Drebrin proteins are mainly known for their function in neuronal morphogenesis. However, these proteins are widely expressed in non-neuronal tissues where their function is still unclear (19) . We have previously shown that Drebrin E regulates epithelial cell morphogenesis (20) . In this study, we highlight a new function of Drebrin E as a key protein involved in the regulation of apical trafficking in Caco2 cells. We found that upon Drebrin E depletion, Caco2 cells accumulate apical membrane proteins in a large intracellular compartment related to lysosomes. These intracellular compartments do not contain microvilli and are not surrounded by a terminal web as we demonstrated here by the absence of F-actin or phospho-myosin II staining around them in Drebrin E KD cells. However, these organelles contained several apical markers, and in parallel, the brush border on the apical membrane was dramatically affected. Thus, these intracellular organelles positive for apical markers were different from the intercellular apical membranes, called vacuolar apical compartments (VAC), described earlier in HT-29 cells (23) and in MDCK cells (24) . Moreover, VAC formation resulted from the disruption of the microtubule network (25) . In Drebrin E KD cells, the microtubule organization is only modestly affected, although EB3, a plus-end microtubule binding protein, does not accumulate at the terminal web owing to Drebrin E depletion (20) . We also demonstrate here that the accumulation of apical membrane proteins in lysosomes results from their endocytosis and we know that VACs originate from biosynthesis and not from endocytosis of the apical plasma membrane (24) . There are several observations that corroborate this lysosomal identity for this compartment including the presence of specific markers of the degradation pathway such as LAMP1, CD63 and Cathepsin D [for review see (26) ]. The heterogeneous content is consistent with this being a lysosomal compartment. The fact that we could observe an important accumulation of apical membrane proteins in lysosomes indicates that the degradation function of these structures was somehow impaired. This could be due to the massive delivery of apical membrane to prelysosomal compartments, thus overloading them and leading to a reduction in turnover efficiency. This impairment of lysosomal degradation might be due to either a misrouting in the delivery of lysosomal enzymes to the lysosomal compartment to fulfill their function or to defects in their folding or their post-translational modification. We currently do not know whether and how Drebrin E depletion could affect the delivery or the maturation of lysosomal enzymes, and we did not detect any ectopic labeling for lysosomal markers, indicating that misrouting is not a likely hypothesis. Further work will help to elucidate this function in greater detail.
Nevertheless, we demonstrated here that apical membrane proteins are normally delivered to the plasma membrane after biosynthesis and are then endocytosed from the apical Figure 6 . Apical membrane proteins relocalize to late endosomes/lysosomes, and Drebrin E localization is affected in Rab8a conditional knock-out (KO) mouse intestine. Upper panels, Drebrin E (green) and actin (red) localization is weaker at the terminal web and laterally and late endosome/lysosome compartment (LAMP2-positive compartment-cyan) is enlarged in Rab8a KO intestine compared with control intestine (CT). Lower panels: apical membrane proteins (IAP-red) co-localize with the late endosomal/lysosomal compartment in Rab8a KO but not in control intestine. Apical cytoskeleton (Villin-green) does not co-localize to the late endosomal/lysosomal compartment. LP, lamina propria; arrowheads, late endosomal/lysosomal compartment; bracket, microvilli. Nuclei are stained with DAPI (blue). Scale bar: 10 mm.
2842
Human Molecular Genetics, 2014, Vol. 23, No. 11 membrane only to accumulate in the lysosomal compartment in Drebrin E KD cells. As apical membrane proteins are not detected intracellularly in CT cells, we hypothesized that upon Drebrin E depletion apical proteins that are endocytosed are not properly recycled to the apical surface because we did not observe an increase in apical endocytosis using a fluid phase marker. Rab11 a/b has been shown to regulate apical protein recycling together with Rab25 (27) . There are, however, no report of accumulation of apical membrane proteins in such large intracellular lysosomal compartments upon Rab11 a/b depletion in intestinal cells, indicating that they were either not investigated or not found to date (28) . Rab8a is another protein of the Rab GTPase family involved in the recycling pathway [for review see (29)], and its deletion in a mouse cKO model was associated with an accumulation of apical membrane proteins in large lysosomal compartments in intestinal epithelial cells [(14) , this study], and here we demonstrate a similar phenotype in intestinal cells depleted for Drebrin E (this study). The common phenotype between Drebrin E and Rab8a depletion in Caco2 cells indicates that both proteins act in the apical recycling pathway by a yet-unknown mechanism. Interestingly, while overexpression of GFP::Rab8a did not rescue Drebrin E depletion in Caco2 cells, Rab8a depletion induced a loss of Drebrin E accumulation in the subapical domain of intestinal cells both in vivo and in vitro. These data confirm that a functional link (that might be indirect) exists between Rab8a and Drebrin E. The exogenously expressed GFP::Rab8a did not bind Drebrin E in immunoprecipitations; therefore, it is unlikely that the two proteins associate under normal cellular conditions (data not shown). If Drebrin E and Rab8a act in the same pathway, it could be through their role in their cognate functions in affecting subapical acto-myosin organization. Indeed, we have previously shown that upon Drebrin E depletion, there was a dramatic reduction of the terminal web, a subapical acto-myosin dense meshwork, in Caco2 cells (20) . Rab8a cKO in intestine on the other hand clearly disrupts apical actin organization [(14) , this work]. Taken together, these observations suggest that Drebrin E and Rab8a depletion affect the subapical actin cytoskeleton that is essential for the appropriate regulation of apical trafficking (30) . MyoVb is a direct effector of both Rab8a and Rab11a to CT epithelial polarization in MDCK cells (10) and is a known regulator of apical recycling pathway [for review see (7)]. Furthermore, MyoVb depletion in Caco-2 cells exhibited a phenotype (9) with common features with that described for Drebrin E and Rab8a in our study. One key feature that so far distinguish the MYO VB or Rab8a KO in vivo phenotypes from the Drebrin KD phenotype in Caco2 cells is the accumulation of brush border-like membrane intracellularly that we did not detect at all upon Drebrin E depletion. Despite this difference, we thus postulate that all these proteins may act in a pathway regulating apical membrane endocytosis and recycling in epithelial cells. While MyoVb and Rab8a interact directly, there has been no evidence of a direct interaction with Drebrin E. Drebrin A, however, has been shown to bind to F-actin and regulate the binding of MyoVb to F-actin (31) , but this activity might not be relevant because the absence of Drebrin E induces a dramatic disruption of the subapical acto-myosin network (20) , likely hindering the interaction between F-actin and MyoVb in the subapical domain. The impact of Drebrin E depletion upon the subapical acto-myosin network is likely to change the spatial and molecular organization of the Rab11a/ Rab8a/MyoVb that is tightly linked to the integrity of the actin cytoskeleton (32) . Interestingly, Rab8a is also necessary for the transport and activation of Cdc42 during epithelial lumen formation (12) , and a Cdc42 cKO showed a MVID-like phenotype in the mouse intestine with both microvillar inclusions and large lysosomal compartments containing apical proteins (13) , indicating that the connection between the actin cytoskeleton and the vesicular transport is likely the key feature affected in MVID. MYO VB is so far the only gene identified as mutated in this pathology, and a disorganization of the apical actin cytoskeleton is clearly involved in MVID (33, 34) . We believe that the data presented here demonstrate that Drebrin E is also involved in the coupling between the apical F-actin cytoskeleton and the recycling pathway. Unfortunately, no total disruption of Drebrin has been published yet and a very mild phenotype in neurons has been ascribed to the deletion of the Drebrin A isoform, likely due to a compensatory up-regulation of Drebrin E (35) . Further in vivo and genetic investigations will be needed to ascertain the connection between Drebrin E and the MyoVb/Rab8a/Rab11a complex.
MATERIAL AND METHODS
Cell culture
TC7 cells, a Caco-2 clone was grown as previously described (36) . Resuspended cells were transfected with Amaxa device (B-024 program for siRNA and T-020 for plasmids, Amaxa Biosystems, Germany) and the following mix: 100 pmol of siRNA, Nucleofactor buffer T and 2 × 10 6 of freshly trypsinized cells in line with the manufacturer's instructions. Knock-down of Drebrin E expression was monitored by western blot and immunofluorescence at D3, D4 or D5 after transient depletion. Caco2 cells were transfected with Amaxa device and a plasmid encoding human GFP::Rab8a full length (a gift from A. Echard, Pasteur, France), selected with Geneticin/G418 (Gibco) 2 mg/ml for 1 week and then 1 mg/ml and maintained with 0.2 mg/ml. For Rab8a transient depletion, Caco2 cells in suspension were transfected with Lipofectamine 2000 (Invitrogen) and the following mix: OptiMEM (Gibco), 100 pmol of siRNA, 10 ml of Lipofectamine 2000 and 5 × 10 5 of freshly trypsinized cells in line with the manufacturer's instructions. Cells were seeded on Transwell filters (24 mm in diameter, Corning, NY, USA) for immunofluorescence assays.
siRNA and constructs, RT-PCR
The following siRNA were used: human Drebrin E and CT siRNAs were previously described (20) , a pool for human Rab8a siRNAs, only sense sequences are indicated: (37) . Mouse monoclonal anti-a-Tubulin (clone B-5-1-2, Sigma -Aldrich) was used for western blotting as a loading control. F-actin was detected using phalloïdin -TRITC conjugated (Sigma -Aldrich) and b-actin with rabbit monoclonal (clone 13E5, Ozyme). 4 ′ ,6-Diamidino-2-phenylindole dihydrochloride (DAPI, SigmaAldrich) was used to label the nuclei. The corresponding secondary antibodies coupled to horse-radish peroxidase (Jackson Immunoresearch) were used for western blotting and those conjugated to FITC, Cyanine-3, Cyanine-5, Alexa 488 or Alexa 647 were used for immunofluorescence.
Western blotting
Caco2 cells were extracted using the following lysis buffer: Tris 50 mM (pH 8), NaCl 150 mM, EDTA 2 mM, NP40 0.5%, and Complete Mini Protease Inhibitors (Roche) and analyzed by the previously described western blot procedure (38) . Bands were revealed with LumiLight kit (Roche Diagnostic, Healthcare) and quantified with ImageJ software program (NCBI). (39) . Cells were washed once with DMEM, then chased for 0 or 10 h in DMEM containing 10× cysteine/methionine and stored at 48C in NaCO 3 H-free DMEM/20 mM HEPES/0.2% bovine serum albumin (BSA) before biotinylation. Biotinylation of apical or basal surface of cell monolayer on Transwells and the following double-immuno and streptavidin precipitations to isolate the surface-labeled newly synthesized proteins were performed as previously indicated (39) . Protein biosynthesis at T ¼ 0 h (N ¼ 3 independent experiments + SD) and cell surface targeting at T ¼ 10 h were quantified with ImageQuant software (N ¼ 4 independent filters + SD).
Pulse-chase and immunoprecipitation procedures
Cell immunofluorescence
Transfected Caco2 cells were seeded on Transwell filters and maintained for 3, 4 or 5 days in vitro. Cells were washed with PBS, fixed with 3% paraformaldehyde for 15 min and permeabilized for 10 min with 0.5% Triton X-100. Cells were blocked with 0.4% gelatin and 0.025% saponine for 1 h before being incubated with primary antibodies overnight at 48C. After being incubated with the appropriated fluorescence-conjugated secondary antibodies, cells were washed and mounted in DABCO/Mowiol anti-fading reagent. Images were acquired with LSM 510 Meta or LSM 780 microscope using a 40× Plan-Apochromat (1.2 NA water) objective (Zeiss, Le Pecq, France).
Rab8 conditional knock-out mouse intestine immunofluorescence
Rab8a conditional knock-out mice have been previously described (14) . Intestinal paraffin-embedded sections of 8-week-old mice were treated for 15 min with antigen unmasking solution (Vector) prior to immunofluorescence using standard protocols (14) . Images were acquired using confocal microscopy, as for Caco2 cells.
Electron microscopy
TEM: Transfected Caco2 cells were seeded on Transwell filters and maintained for 5 days in vitro. Cells were treated for TEM as previously described (40) . Immunogold: Transfected Caco2 cells were seeded on Transwell filters and maintained for 5 days in vitro. Then, cells were treated as previously described (40) . Sections were incubated overnight at 48C with previously described primary antibodies (anti-LAMP1 and anti-DPPIV) in 0.05 M Tris-buffered solution (pH 7.6) with 0.1% BSA and 0.05% Tween 20. After washing, the sections were incubated with anti-chicken or anti-rat antibodies coupled to 6-or 15-nm gold particles (Aurion), respectively, in the same buffer. Samples were processed as described (41) and observed on a Zeiss 912 electron microscope (Zeiss).
